various concentrations did not signify any difference between the two columns. However, there was a significant increase in the recovery of clenbuterol at 2 ng/mL (P<0.002), 5 Correspondence to: ng/mL (P<0.001), and 10 ng/mL (P<0.001) concentrations, where as for epimetendiol A. Beotra
Introduction
The International Olympic Committee (IOC) and World AntiDoping Agency (WADA) have banned the use of anabolic androgenic steroids (AAS) in sports in 1976 and 2002, respectively. To impose the ban, urine samples of sport persons are tested for anabolic steroids and their metabolites by Gas Chromatography-Mass Spectrometer (GC-MS) and highresolution mass spectrometer (HRMS). [1] The samples are extracted for unconjugated and conjugated steroids with varying chemical properties. After extraction, the steroids are derivatized to yield trimethyl silyl derivatives for detection by GC/MS and HRMS. Use of HRMS for AAS has improved the detection limit of few steroids viz nandrolone, stanozolol, epimetendiol and clenbuterol. Approximately 50 AAS fall in the WADA banned list. [2] The detection limit for all anabolic steroids is 10 ng/mL except clenbuterol, nandrolone, stanozolol, methyl testosterone, and epimetendiol that are are to be detected in lower concentration compared to rest of anabolic steroids (detection limit is 10 ng/mL); hence, sample purification is required to facilitate detection at 2 ng/ mL. Sample preparation also needs improvement to improve the detection limit of these steroids apart from improved instrumentation. Improvement of sample preparation may be achieved by the use of various solid phase extraction procedures, [3] [4] [5] HPLC clean up [6, 7] or Immunoaffinity Chromatography (IAC) gels. [8] [9] [10] [11] The objective of present study was to investigate the recovery percentage of clenbuterol, nandrolone, stanozolol, and epimetendiol by two simple solid phase extraction procedures, using XAD2 and SPE columns.
Materials and Methods

Reference standards and chemicals
The reference standards of clostebol and clenbuterol were purchased from Sigma-Aldrich (St Louis, MO, USA) and of nandrolone, stanozolol, epimetendiol from National Analytical Research Laboratory (National Measurement Institute, Sydney, Australia). The derivatizing reagent N-methyl-NTrimethysilyltrifluoroacetamide (MSTFA), iodo-TMS and Dithioerythritol were purchased from Sigma-Aldrich (St Louis, MO, USA). The hydrolyzing enzyme β-glucuronidase, E. coli is purchased from Roche, Germany. All other reagents and chemicals such as methanol, diethyl ether, and anhydrous sodium sulphate were of analytical grade or HPLC grade. Two types of solid phase extraction columns were used. The Amberlite XAD2 was purchased from Sigma-Aldrich (St Louis, MO, USA) and C-18 Samprep; 100 mg/3 mL from length column, film thickness: 0.11 µm Rankem, India was purchased.
Extraction procedure
The samples were processed by XAD2 extraction [12] and Table 2 XAD2 extraction: About 2 mL of centrifuged urine was 
Results
Limit of detection (LOD)
Limit of detection was defined as the lowest level at which a compound could be identified in urine samples, with diagnostic ions present with a signal to noise (S/N) ratio greater than 3. A single diagnostic ion 405.2640, 546.3493, 335.0690, and 448.3193 was used to determine the LOD of nandrolone, stanozolol, clenbuterol, and epimetendiol in urine sample, respectively, by HRMS. The 
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LODs of clenbuterol and epimetendiol as required by WADA is 2 ng/mL. [2] Recovery, accuracy, and precision The preliminary work was done with six spiked urine samples of each of clenbuterol, nandrolone, and epimetendiol at 1, 2, 5, and 10 ng/mL and stanozolol at 5, 10, 20, and 40 ng/mL and were analyzed with HRMS. The results showed that for nandrolone and stanozolol the drug recovery at various concentrations (upto 10 ng/mL) was not different between two columns [ Tables 3 and 4] . At 20 and 40 ng/mL, recovery of stanozolol was significantly more (P<0.00) with XAD2 columns.
In a later study the extraction accuracy of the sample preparation procedure with three concentrations of clenbuterol and epimetendiol was undertaken (n=10) and processed with XAD2 and SPE columns.
Clenbuterol. Table 6 Mean recovery of clenbuterol and epimetendiol in spiked urine samples with XAD2 and SPE columns P<0.002 (2 ng/mL), P<0.001 (5 and 10 ng/mL). Epimetendiol. The recovery percentage for 2, 5, and 10 ng/mL with XAD2 were 105, 69.69, 66.63, and 136.87, 104.69, and 99.65% with SPE [ Table 5 ]. The recovery percentage was significantly higher with SPE column extraction. The significance level were, P<0.015 (2 ng/mL), P<0.010 (5 ng/mL) and P<0.014 (10 ng/mL).
The recovery of clenbuterol and epimetendiol at 2, 5, and 10 ng/mL were calculated individually for XAD2 and SPE columns [ Table 6 ]. The total ion chromatogram of clenbuterol and epimetendiol with both XAD2 and SPE columns is shown in Figures 1 and 2 .
Discussion
Conclusion
Based on the present work it is concluded that recovery of Clenbuterol and Epimetendiol has improved with SPE columns compared to existing XAD2 columns at various concentrations. Hence, it can be used for confirmation of samples found positive for clenbuterol and epimetendiol.
